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Low noise MRI scanner 



(57) A low noise imaging apparatus for producing 
Magnetic Resonance (MR) images of a subject and for 
substantially minimizing acoustic noise generated dur- 
ing imaging is provided. The imaging apparatus com- 
prises a magnet assembly (4,6,7), a gradient coil as- 
sembly (3), and a rf coil assembly (2), wherein at least 
one of the magnet assembly, the gradient coil assembly 
and the rf coil assembly are configured to reduce the 
generation and transmission of acoustic noise. 
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Description 

[0001] The present invention relates generally to a 
magnetic resonance imaging (MRI) scanner and more 
particularly to a low-noise MRI scanner. 
[0002] MRI scanners, which are used in various fields 
such as medical diagnostics, typically use a computer 
to create images based on the operation of a magnet, 
a gradient coil assembly, and a radiofrequency coil(s). 
The magnet creates a uniform main magnetic field that 
makes nuclei, such as hydrogen atomic nuclei, respon- 
sive to radiofrequency excitation. The gradient coil as- 
sembly imposes a series of pulsed, spatial-gradient 
magnetic fields upon the main magnetic field to give 
each point in the imaging volume a spatial identity cor- 
responding to its unique set of magnetic fields during 
the imaging pulse sequence. The radiofrequency coil 
creates an excitation frequency pulse that temporarily 
creates an oscillating transverse magnetization which is 
detected by the radiofrequency coil and used by the 
computer to create the image. Typically, there is a radi- 
ofrequency coil and a gradient coil assembly within the 
magnet. 

[0003] Magnets for MRI scanners include supercon- 
ductive-coil magnets, resistive-coil magnets, and per- 
manent magnets. Known superconductive magnets in- 
clude liquid-helium cooled and cryocooler-cooled su- 
perconductive magnets. Known superconductive mag- 
net designs include cylindrical magnets and open mag- 
nets. 

[0004] Cylindrical magnets typically are cylindrically 
shaped and have an axially-directed static magnetic 
field. In MRI systems based on cylindrical magnets, the 
radiofrequency coil, the gradient coil assembly and the 
magnet are generally annularly-cylindrical shaped and 
are generally coaxially aligned, wherein the gradient coil 
assembly circumferentially surrounds the radiofrequen- 
cy coil and wherein the magnet circumferentially sur- 
rounds the gradient coil assembly. 
[0005] Open magnets typically employ two spaced- 
apart magnetic assemblies with the space between the 
assemblies allowing for access by medical personnel for 
surgery or other medical procedures during MRI imag- 
ing. The open space helps the patient overcome feel- 
ings of claustrophobia that may be experienced in a cy- 
lindrical magnet design. 

[0006] Generally, the various components of the MRI 
scanner represent sources and pathways of acoustic 
noise that can be objectionable to the patient being im- 
aged and to the user of the scanner. For example, the 
gradient coil assemblies of MRI scanners generate loud 
acoustic noises which many medical patients find ob- 
jectionable. The acoustic noises occur internal to the pa- 
tient bore of the scanner as well as outside of the scan- 
ner. Active noise control techniques have been used to 
reduce gradient coil assembly noise including noise- 
canceling patient earphones. Known passive noise con- 
trol techniques include locating the gradient coil assem- 



bly in a vacuum enclosure. 

[0007] The rf coil structure is also another source of 
vibration and acoustic noise. An MRI system employs 
electrically excited gradient coils to impose time varying 

5 magnetic fields on the primary or B 0 magnetic field. 
These time varying fields tend to induce eddy currents 
in the conductors of the rf coil, which in turn may cause 
mechanical motion of the rf coil. 
[0008] Yet another source and pathway of acoustic 

10 noise is due to vibration of mechanical components in 
the scanner. It is known in the mechanical arts area to 
design and use isolation mounts so that vibrations from 
machinery supported by the isolation mounts are not 
transmitted to surrounding structure that supports the 

15 isolation mounts. Conventional isolation mounts include 
those of the elastomeric type and those of the spring 
type. Such isolation mounts are designed by the artisan 
so that the natural frequency of vibration of the mounts 
and the machinery is less than the important excitation 

20 frequencies of the machinery in order to provide effec- 
tive vibration isolation. 

[0009] These techniques or measures to reduce 
acoustic noise due to the various components in the MRI 
scanner have been partially effective, but patients and 
25 technicians still find the noise in and about a MRI scan- 
ner to be problematic. What is needed is a lower noise 
MRI scanner that addresses the multiple sources and 
pathways of acoustic noise in and about the scanner. 
[0010] According to the invention, there is provided a 
30 low noise imaging apparatus for producing Magnetic 
Resonance (MR) images of a subject and for substan- 
tially minimizing acoustic noise generated during imag- 
ing is provided. The imaging apparatus comprises a 
magnet assembly, a gradient coil assembly, and a rf coil 
35 assembly, wherein at least one of the magnet assembly, 
the gradient coil assembly and the rf coil assembly are 
configured to reduce the generation and transmission 
of acoustic noise in and about the imaging apparatus. 
[0011] The invention also provides a radio frequency 
40 (rf) coil assembly for a Magnetic Resonance Imaging 
(MRI) system comprises a plurality of conductors 
wherein each of the conductors has a width selected for 
transmitting a radiofrequency pulse, for receiving an MR 
signal induced in the subject and for reducing eddy cur- 
45 rent excitation contributing to acoustic noise in and 
about the imaging apparatus. Further, a layer of acoustic 
absorptive material may be disposed between the plu- 
rality of conductors and a patient bore tube. 
[0012] A magnet assembly for an imaging apparatus 
50 for a Magnetic Resonance Imaging (MRI) system com- 
prises an outer surface and a plurality of suspension 
members for attaching a magnet to the outer surface. 
The suspension members are configured to reduce gen- 
eration and transmission of acoustic noise. 
55 [0013] The features and advantages of the present in- 
vention will become apparentfrom the following detailed 
description of the invention when read with the accom- 
panying drawings in which: 
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Figure 1 is a schematic cross-sectional side-eleva- 
tion view of an imaging apparatus to which pre- 
ferred embodiments of the present invention are ap- 
plicable; 

Figure 2 is a schematic cross-sectional view of the 
imaging apparatus of Figure 1 taken along the line 
30 - 30 of Figure 1 ; 

Figure 3 is a schematic cross-sectional side-eleva- 
tion view of a MRI scanner to which preferred em- 
bodiments of the present invention are applicable; 

Figure 4 is a schematic illustration of a rf coil as- 
sembly of a type useful in the imaging apparatus of 
Figures 1 and 3; 

Figure 5 is a schematic illustration of a rf coil as- 
sembly of a type useful in the imaging apparatus of 
Figures 1 and 3; and, 

Figure 6 is a schematic illustration of a gradient cur- 
rent feed-through arrangement of a type useful in 
the imaging apparatus of Figures 1 and 3. 

[0014] Referring to Figures 1 , 2 and 3, there is shown 
an exemplary imaging apparatus to which embodiments 
of the present invention are applicable. The imaging ap- 
paratus is of a type useful in producing Magnetic Reso- 
nance (MR) images of a patient or subject. Throughout 
the figures, like numerals represent like elements 
throughout. Figures 1 , 2 and 3 show a M R system based 
on a cylindrical superconducting magnet. It is to be ap- 
preciated by one skilled in the art that the functions and 
descriptions of similar components used in an open 
magnet configuration are applicable for an open magnet 
MR system. 

[001 5] Referring to Figure 2, a cross-sectional view of 
a magnet arrangement of a type commonly used in con- 
nection with MR imaging is shown. A magnet assembly 
is generally cylindrical and annular in shape, and com- 
prises an inner surface referred to as a magnet warm 
bore 4, passive magnet shims 5 (also shown in Figure 
1), magnet vessel 6 and cryostat shell 7 disposed radi- 
ally around the outer surface. The magnet assembly fur- 
ther comprises suspension members 13 and end cap 
seals 20 which will later be described in more detail. 
[0016] Typically, magnet vessel 6 encloses a super- 
conductive magnet (not shown) that, as is well-known, 
includes several radially-aligned and longitudinally 
spaced-apart superconductive main coils, each capable 
of carrying a large, identical electric current in the same 
direction. Also, the superconductive main coils are de- 
signed to create a magneticfield of high uniformity within 
a spherical imaging volume centered within the mag- 
net's bore where the object to be imaged is placed. The 
superconductive main coils produce a main static mag- 
netic field, known as B 0 , typically in the range from 0.5 



T to 8 T. The superconductive main coil is enclosed by 
magnet vessel 6. Magnet vessel 6 generally includes a 
helium vessel and thermal or cold shields for containing 
and cooling the magnet windings in a known manner. 
5 Magnet vessel 6 also prevents heat from being trans- 
ferred to the superconducting magnet. Hereinafter, 
magnet vessel 6 refers generally to the superconductive 
main coils described herein, conventional thermal 
shields, liquid-helium dewars, and the like, being omit- 
10 ted from the figures for clarity. Cryostat shell 7 covers 
the outer surface of the magnet assembly. Cryostat shell 
7 is generally metallic, typically steel or stainless steel. 
[0017] Referring further to Figure 2, rf coil assembly 
2, gradient coil assembly 3 and the magnet assembly 
15 are generally annularly-cylindrical shaped and are gen- 
erally coaxially aligned, wherein the gradient coil as- 
sembly circumferentially surrounds the radiofrequency 
coil and wherein the magnet circumferentially surrounds 
the gradient coil assembly. Referring to Figure 1 , a side- 
20 elevation view shows the relative placement of each of 
the components of the imaging apparatus. A patient or 
imaging subject 200 (not shown, see Figure 3) is posi- 
tioned within acylindrical imaging volume 1 01 surround- 
ed by patient bore tube 1. Patient or subject 200 is in- 
25 serted into the imaging apparatus along center axis 1 03 
on a patient table or cradle 1 04 (not shown, see Figure 
3). Center axis 1 03 is aligned along the axis of the mag- 
net assembly parallel to the direction of the B 0 magnetic 
field. Bore tube 1 is desirably made of electrically low- 
30 or non-conducting material such as FRP (fiberglass-re- 
inforced plastic). In this embodiment, rf coil assembly 2 
is mounted on the outer surface of patient bore tube 1 , 
such as in a conventional birdcage rf coil arrangement, 
e.g. multiple conductors and capacitive elements 
35 spaced apart along outer surface the patient bore tube 
in order to maintain a uniform radiofrequency (rf) mag- 
netic field. Rf coil assembly 2 is used to apply a radiof- 
requency magnetic field pulse to patient or subject 200 
and to receive MRI information back from subject 200, 
40 as is well-known in the art of MR imaging. Gradient coil 
assembly 3 is disposed around in aspaced apart coaxial 
relationship therewith and generates time-dependent 
gradient magnetic field pulses in a known manner. Ra- 
dially disposed around gradient coil assembly 3 is the 
45 magnet assembly including warm bore 4, magnet vessel 
6 and cryostat shell 7 that produces the static magnetic 
field necessary for producing MRI images, as described 
above. 

[0018] Referring further to Figure 1 , warm bore 4 re- 
50 fers generally to the inner cylindrical surface of the mag- 
net assembly. This magnet warm bore is typically made 
of metal. On the inside cylindrical surface of warm bore 
4 are passive magnetic shims 5. Shims 5 are used in a 
well-known manner to make small adjustments to the 
55 static magnetic field. The shims are typically thin iron or 
steel strips. 

[0019] Referring further to Figure 1, the imaging ap- 
paratus further comprises a pair of end caps 12 for en- 
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closing the components of the imaging apparatus. End 
caps 12 hold the patient bore tube 1 in place by fixably 
attaching end portions of patient bore tube 1 to the mag- 
net assembly. End cap seals 20 act as an airtight seal 
between end caps 12 and patient bore tube 1 , and also 
maintain vacuum space 11 for enclosing gradient coil 
assembly 3. End cap seals 20 are typically made of com- 
pliant gasket material having a thickness between 3 A -1 
inch in order to maintain the desired vacuum in vacuum 
space 1 1 . End cap seals 20 have their elastic properties 
selected so that they can provide vibration isolation be- 
tween the magnet cryostat shell 7 and the end caps 1 2. 
[0020] Referring to Figure 3, further components of 
the imaging apparatus include support structures such 
as patient couch or cradle 1 04 in order to insert and po- 
sition subject 200 into imaging volume 1 01 . Patient cra- 
dle 1 04 is slidable, such as with rollers, in a known man- 
ner along bridge 102. Bridge 102 is supported by front 
bridge support 105 and rear bridge support 106. Each 
bridge support is fixed to the floor or the magnet assem- 
bly. Further, cradle electronics unit is coupled to bridge 
102 or cradle 104 to control motion of patient cradle 104. 
[0021 ] Gradient coil assembly 3 generally contributes 
two sources of acoustic noise in an MR imaging system 
- 1) vibrations due to Lorentz (electromagnetic) forces 
acting on the gradient coils and 2) noise due to Lorentz 
forces in electrically conductive parts not in contact with 
the gradient coil assembly. Gradient coil assembly 3 
comprises gradient windings that are typically wires or 
flat conducting strips shaped into forms that produce de- 
sired gradient magnetic fields. The gradient winding 
wires are in a strong magnetic field and therefore expe- 
rience a Lorentz force ocTx 5, where Tis the current in 
any section of wire and f§ is the static magnetic field. 
Further, the currents in the wires are typically as high as 
several hundred Amps and the static magnetic fields 
can vary from typically 0.5 T to 8 T. Therefore, the 
Lorentz forces can be very large and produce significant 
vibrations of the gradient assembly. These vibrations 
can in turn displace air and produce audible sound. The 
gradient assembly vibrations can also be transmitted 
mechanically through the magnet system structures and 
can cause vibrations in other parts of the structure and 
subsequent sound generation. The second source of 
acoustic noise is generated by Lorentz forces in electri- 
cally conductive parts not in contact with the gradient 
assembly. For example, these forces are produced be- 
cause the gradient pulsed fields induce eddy currents 
in various electrically conductive parts of the MRI sys- 
tem, and these eddy currents interact with the static 
magnetic field to produce 7x5 Lorentz forces as de- 
scribed above. 

[0022] The rf coil assembly is also a source of acous- 
tic noise in an MR imaging system. Rf coil assembly 2 
typically is a large-volume rf coil, mounted in a bird cage 
configuration, and is made using etched patterns of con- 
ductors, and these conductors can typically be a few 
inches wide. A large-volume rf coil is typically about half 



the length of the patient bore, is wrapped around the 
entire circumference of the patient bore tube 1 and is 
firmly mounted to the patient bore tube 1 . The large-vol- 
ume rf coil, however, is subject to pulsed gradient fields 

5 from the gradient assembly 3. These pulsed fields in- 
duce eddy currents in the conductors of the large-vol- 
ume rf coil and the eddy currents, in conjunction with the 
static magnetic field, produce T x 5 Lorentz forces 
which cause the patient bore tube 1 to vibrate. These 

10 vibrations then produce acoustic noise that can be 
heard by the patient and system operators. 
[0023] In an embodiment of an imaging apparatus for 
producing MR images of a subject, the imaging appara- 
tus comprises a gradient coil assembly, an rf coil assem- 

15 bly and the magnet assembly, and wherein each of the 
assemblies are selectively configured to reduce the 
generation and transmission of acoustic noise in and 
about the imaging apparatus during imaging. Each of 
the gradient assembly, rf coil assembly, the magnet as- 

20 sembly and other components of a MRI system contrib- 
utes sources and pathways for acoustic noise. Embod- 
iments are presented to reduce acoustic noise in each 
of the assemblies. It can be appreciated that for partic- 
ular applications, features of each embodiment for the 

25 assemblies and components may be combined to lower 
acoustic noise of the imaging apparatus. Alternatively, 
each of the assemblies may be selectively configured 
to reduce the generation and transmission of acoustic 
noise independently. As used herein, "configured to" 

30 and the like refer to components having a structure and 
a capability for performing a stated function. 
[0024] Gradient coil assembly 3 is desirably config- 
ured to reduce vibrations due to Lorentz forces acting 
on the gradient coils and vibrations due to electrically 

35 conductive parts not in contact with gradient coil assem- 
bly 3. Typically, the gradient coil assembly has two wind- 
ings, inner and outer, which are held together by an 
epoxy filling. In a known manner, the epoxy filling stiffens 
and increases the weight of the gradient assembly in 

40 order to reduce the vibrations and resultant noise. In a 
first embodiment of gradient coil assembly 3, gradient 
coil assembly 3 is further mounted within the magnet 
assembly in a manner to provide further vibration isola- 
tion. Referring to Figure 1 , each end of gradient assem- 

45 bly 3 is attached to a bracket 8 and a corresponding 
bracket 9 is attached to each corresponding end of the 
magnet. Disposed between brackets 8 and 9 are com- 
pliant isolation stacks 10, each having a thickness de- 
sirably between 3-1 0 mm. Compliant isolation stacks 1 0 

50 provide vibration isolation between the gradient assem- 
bly and the magnet mounting the gradient assembly in 
way that reduces the vibration transmission from the 
gradient assembly to the magnet or other parts of the 
MRI system. In a further embodiment of gradientcoil as- 

55 sembly 3, gradient coil assembly 3 is further contained 
in a vacuum 11 which is bounded by the patient bore 
tube 1, the magnet warm bore 4 and the end caps 12. 
In order to be effective for acoustic noise reduction, this 
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vacuum is desirably below 200 Torr. 
[0025] Radiofrequency (rf) coil assembly 2 is desira- 
bly configured to reduce acoustic noise generated dur- 
ing imaging by alleviating the large-volume rf coil vibra- 
tion and subsequent noise. Figures 4 and 5 show vari- 
ations of embodiments of a reduced noise rf coil assem- 
bly alleviate vibrations, and subsequent noise, due to 
eddy currents in the conductors of rf coil assembly 2. 
Referring to Figure 4, large-volume rf coil 400 comprises 
16 conductors 402 wrapped around cylinder 401 (the 
outer surface of patient bore tube 1 of Figures 1 , 2 and 
3) in a birdcage configuration. Capacitors 403 are pro- 
vided for resonating the rf coil. In this embodiment, con- 
ductors 402 are desirably made narrow so that the area 
available to excite eddy currents is reduced and the con- 
sequent forces are also reduced. The quantity and width 
of conductors 402 are desirably selected in accordance 
with desired magnet performance and magnet field uni- 
formity. As used herein, "width" refers generally to a 
measurement or dimension. Typically, conventional 
large-volume rf coil conductors are approximately 50 
mm wide. In the embodiment shown in Figure 4, the 
width of conductors 402 is selected to be less than 50 
mm to reduce the area available to excite eddy currents, 
thereby reducing acoustic noise yet still capable of 
maintaining desired rf performance. It is to be appreci- 
ated that the width is selected to achieve desired rf per- 
formance and eddy current reduction. In an alternate 
embodiment, a layer of an acoustic absorptive material 
is disposed between conductors 402 and cylinder 401 
to minimize vibrations between conductors 402 and cyl- 
inder 401. 

[0026] In another alternate embodiment, noise reduc- 
tion is achieved by making cuts in the conductors to in- 
terrupt the eddy current pattern, thereby leading to a re- 
duction in eddy currents and the associated Lorentz 
forces. 

[0027] Referring to Figure 5, a further embodiment of 
a rf coil configured to reduce the generation and trans- 
mission of acoustic noise is shown. Rf coil assembly 500 
comprises 1 6 conductors 502 made of Cu tubing having 
an outside diameter of a desirable range from 3 mm to 
1 2 mm. Conductors 502 are placed around cylinder 501 
in a birdcage configuration and are coupled to capaci- 
tors 503 for resonating the rf coil. Further, conductors 
502 are desirably mounted to the outside surface of FRP 
cylinder 501 (the inner surface houses patient bore tube 
1 of Figures 1 , 2 and 3) in conjunction with vibration iso- 
lation material 504 between the conductors and the pa- 
tient bore tube. Vibration isolation material 504 is desir- 
ably constructed of compliant material having a thick- 
ness to substantially reduce any gap between conduc- 
tors 502 and cylinder 501 . Straps 505 are used to fixably 
hold conductors 502 and vibration isolation material 504 
in place on cylinder 501 . 

[0028] In a further embodiment of a reduced noise rf 
coil assembly, the large-volume rf coil is made so that 
there is no mechanical connection with the patient bore 



tube. Referring further to Figure 1 , generally patient bore 
tube 1 couples at its outer surface with rf coil assembly. 
In this embodiment, rf coil assembly 2 is desirably 
mounted to avoid contact with patient bore tube 1 and 
5 is instead mounted on the inside of gradient assembly 
3. In this embodiment, it can be appreciated that acous- 
tic noise from the rf coil assembly is not directly trans- 
mitted to the patient bore tube via mechanical means or 
by air, since it is now entirely contained within vacuum 
space 1 1 . 

[0029] In further embodiments of the imaging appara- 
tus, the magnet assembly is desirably configured to re- 
duce generation and transmission of acoustic noise in 
and about the imaging apparatus. One source of acous- 
tic noise in the magnet assembly is attributed to passive 
shims 5. Typically, the shims are thin sheets of steel. 
These sheets of steel may have eddy currents induced 
in them by pulsed magnetic fields from the gradient as- 
sembly and the eddy currents, in conjunction with the 
static magnetic field, produce ?x § Lorentz forces as 
described above which cause the magnet warm bore 4 
to vibrate. These vibrations may be transmitted to the 
outside of the magnet via air (if there is no vacuum) or 
via mechanical pathways through the cryostat to the pa- 
tient bore tube. Subsequent vibrations of the outside of 
the magnet cryostat or patient bore tube produce sub- 
stantial acoustic noise that is heard by the patient and 
the MRI system operators. 

[0030] Referring to Figure 1 , in a first embodiment of 
the magnet assembly for reduced noise, passive shims 
5 are desirably made of finely-divided magnetic material 
that is mixed with a non-conducting polymer such as 
epoxy and then molded into sheets. In this embodiment, 
shims 5 are desirably constructed with a 1 00 mesh steel 
powder (Ancorsteel 300 SC) and polyethylene (Dowlex 
2045, density p PE =0.92 g/cm 3 ) mixed, pressed to thick- 
nesses ranging from 0.25 - 1.3 mm and cut into strips. 
These sheets have magnetic properties to permit mag- 
netic shimming, but the electrically low- or non-conduct- 
ing shim material desirably does not support eddy cur- 
rents and thus shims 5 will not vibrate when subjected 
to pulsed gradient fields. In a second embodiment, pas- 
sive shims 5 are desirably vibrational^ isolated from the 
magnet warm bore. In one embodiment, a layer of vi- 
bration isolation material is disposed between the shims 
and the magnet bore. In this embodiment, further trans- 
mission of any energy of vibrations from shims to mag- 
net warm bore is desirably reduced. 
[0031] The warm bore of the magnet assembly is also 
a source of acoustic noise. The magnet warm bore is 
typically composed of electrically conductive material 
and therefore can also support eddy currents generated 
by pulsed gradient magnetic fields. Consequent vibra- 
tion of the warm bore can create acoustic noise that is 
carried by air or by mechanical vibrations to the patient 
or MRI system operators. 

[0032] In further embodiments of the magnet assem- 
bly for reduced acoustic noise, magnet warm bore 4 is 
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configured to reduce generation and transmission of 
acoustic noise. In one embodiment, magnet warm bore 
4 is desirably made of non-electrically conductive ma- 
terial, for example, FRP (fiberglass-reinforced plastic). 
In a further embodiment, a vacuum surrounding the 
magnet warm bore prevents sound from being carried 
from the magnet warm bore by means of air. The seal 
between the magnet warm bore and the rest of the mag- 
net structure can be made to carry out vibration isolation 
as well as a vacuum seal. If the seal can vibrationally 
isolate the warm bore from the rest of the magnet struc- 
ture, then vibrations induced in the warm bore by gradi- 
ent magnetic field pulses will not be carried mechanical- 
ly to the outside of the cryostat shell 7. Thus, isolating 
the magnet warm bore via vacuum plus isolating the 
magnet warm bore by mechanical isolation can desira- 
bly prevent or decrease the ability of vibrations of the 
warm bore to produce acoustic noise which would be 
audible to the patient or MRI system operator. In another 
further embodiment the FRP is desirably coated with a 
very thin (microns or submicrons thick) metallic layer 
(metallized) in order to decrease penetration of gases 
and water from the atmosphere through the surface of 
the warm bore. If the metallic layer is made sufficiently 
thin (microns or submicrons thick), then eddy currents 
will be substantially minimized in the metallic layers and 
so will consequent eddy-current-induced vibrations. 
[0033] Referring further to Figure 2, a further embod- 
iment of the magnet assembly comprises suspension 
members 13 configured to reduce transmission of 
acoustic noise. Magnet vessel 6 is connected to cryostat 
shell 7 by thin suspension members 13. These mem- 
bers are typically designed to minimize heat flow from 
cryostat shell 7 to magnet vessel 6, including the super- 
conducting magnet. In this embodiment, suspension 
members 13 are constructed to desirably vibrationally 
isolate magnet vessel 6 from cryostat shell 7. In this em- 
bodiment, suspension member 13 comprises a blocking 
mass 15 attached to the middle of suspension straps 
14. Blocking mass 15 is made of electrically non-con- 
ducting material. Straps 14 can be constructed of car- 
bon fiber material, as is well known. Transmission of 
high frequencies along suspension members 13 is de- 
sirably reduced by attaching mass 15 to the middle of 
the suspension members, thus creating a vibrational im- 
pedance mismatch that will tend to reflect energy 
traveling along the suspension members. 
[0034] Further embodiments of the magnet assembly 
include embodiments of cryostat shell 7 that reduce 
acoustic noise attributable to the cryostat shell. The cry- 
ostat shell is generally metallic, typically steel or stain- 
less steel. Vibrations of the cryostat shell, whether as a 
direct electromagnetic excitation from the pulsed gradi- 
ent magnetic fields or as a result of mechanically trans- 
mitted vibrations originating somewhere else in the ap- 
paratus, can result in acoustic noise that is heard by the 
patient or MRI system operator. 

[0035] In a further embodiment, cryostat shell 7 is de- 



sirably made of non-electrically-conductive materials 
such as FRR In another further embodiment the FRP is 
desirably coated with a very thin (microns or submicrons 
thick) metallic layer (metallized) in order to decrease 

5 penetration of gases and water from the atmosphere 
through the cryostat shell. If the metallic layer is made 
sufficiently thin (microns or submicrons thick), then eddy 
currents will be substantially minimized in the metallic 
layers and so will consequent eddy-current-induced vi- 

10 brations. 

[0036] Referring further to Figure 2, in a further em- 
bodiment, cryostat shell 7 is covered by a layer 17 of 
acoustic material which blocks and absorbs potential vi- 
brations thus preventing acoustic noise emissions to the 

15 room and patient bore tube 1 . Layer 1 7 is a material such 
as open-cell foam designed for acoustic absorption 
such as "Soundfoam" by Soundcoat Company, and in 
this embodiment is approximately 6 mm to 13 mm in 
thickness. Further disposed between layer 17 and cry- 

20 ostat shell is a layer of constrained-layer-damping 
(CLD) desirably applied as strips to the cryostat shell. 
CLD generally consists of a thin plate with an acousti- 
cally damping material applied to it. The CLD material 
is applied to the structure to be damped (cryostat shell 

25 7) so that the damping material is sandwiched between 
the thin plate and the structure. As vibrations are con- 
veyed through the structure, the structure flexes, and 
the consequent shear between the structure and the thin 
plate produces damping in the sandwiched acoustic 

30 damping material. This material can be effective in re- 
moving the effects of mechanical resonances, which of- 
ten tend to increase sound levels. In another further em- 
bodiment, CLD material 100 is applied to the inner sur- 
face of warm bore 4. In another further embodiment, 

35 CLD material 100 is applied to the inner and/or outer 
surfaces of gradient assembly 3. 
[0037] Further alternate embodiments of the magnet 
assembly involve mounting arrangements to prevent vi- 
brations and resulting acoustic noise. For example, vi- 

40 brations of the cryostat shell can also be conveyed to 
the patient bore tube via the mechanical path from cry- 
ostat shell 7 to end caps 1 2 to patient bore tube 1 . In an 
embodiment for mounting the magnet assembly, the 
mechanical path is desirably broken up by ensuring that 

45 seals 20 between end caps 12 and cryostat shell 7, 
which maintains the vacuum around the gradient as- 
sembly, also serves as vibration isolation. In this embod- 
iment, vibrations from the cryostat will be prevented 
from being transmitted to the patient bore tube. Seals 

50 20 are selected to provide isolation between cryostat 
shell 7 and end caps 12. An embodiment includes seals 
20 made of O-ring material such as Durometer 40 Bu- 
na-N rubber or other such materials. 
[0038] Referring further to Figure 2, in a further em- 

55 bodiment, patient bore tube 1 includes a layer of acous- 
tic absorptive material, such as "Soundfoam" disposed 
on it inner surface. Patient bore tube is typically made 
of a rigid, electrically low- or non-conducting material 
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such as FRP (fiberglass-reinforced plastic). Patient bore 
tube 1 may have mechanical resonances that would 
tend to amplify vibrations conveyed to the patient tube 
via mechanical contact or air. In a further embodiment, 
damping can be introduced to the patient tube reso- 
nances by applying non-conducting constrained-layer 
damping (CLD) 1 00 as in strips to the outer or inner sur- 
face of patient bore tube 1 . 

[0039] Referring to Figure 6, there is shown a further 
embodiment for reducing a source of acoustic noise due 
to the leads that power the gradient coils. The leads that 
power the gradient coils carry large currents, typically 
200 A or more and may therefore be subjected to large 
Lorentz forces. Referring to Figure 1 , leads or wires (not 
shown) pass through one of end caps 12 via gradient 
feed-through assembly 600. These leads must go from 
an external power supply to the gradient assembly and 
therefore must penetrate the vacuum enclosure. The 
large Lorentz forces on the gradient leads undesirably 
cause the wires to vibrate. If the gradient lead feed- 
through assemblies are rigidly attached to end caps 12, 
the forces on the gradient leads may cause the end caps 
to vibrate. This is undesirable since vibration of the rel- 
atively large-area end caps may then move a large vol- 
ume of air and create a high-intensity sound. 
[0040] Referring further to Figure 6, gradient feed- 
through assembly 600 is constructed to alleviate the 
problem of transferring vibrations to end caps 1 2. In this 
embodiment, clearance hole 602 is provided on end cap 
wall 601 to allow for power from an external power sup- 
ply to pass through end cap wall 601 . Threaded rod 603 
goes through clearance hole 602 and rubber disks 604, 
and threaded rod 603 serves as a conductor for the cur- 
rent that is passed from wires 608 attached through lugs 
607. Thus, wires 608, lugs 607 and threaded rod 603 
serve as the conduction path for the power. Further, 
washers 605 and nuts 606 are provided to secure feed- 
through assembly 600 to the surface end cap wall 601 , 
and nuts 606 also serve as part of the conduction path. 
Adjacent to each side of end cap wall 601 is pair of iso- 
lation devices 604, made of an electrically insulating ma- 
terial such as, for example, soft, tightly-fitting rubber 
spacers. Desirably, the rubber isolating material ena- 
bles the feed-through assembly to have a small range 
of motion, in and out and tilting, thereby reducing vibra- 
tion and subsequent acoustic noise. Also, isolation de- 
vices 604 also serve to produce an airtight seal in order 
to maintain the vacuum. 

[0041] Referring to Figure 3, a further source and 
pathway of acoustic noise can be attributed to cradle 
electronics unit 300, the electronics unit used to inter- 
face the signals from various rf coils to the system elec- 
tronics which are typically located external to the scan- 
ner. Typically, cradle electronics unit 300 contains elec- 
tronic modules with metal parts that in turn may produce 
eddy currents when subjected to the pulsed imaging 
gradients, and these eddy currents may cause vibration 
and consequent sound generation. Some typical elec- 



tronic modules might be preamplifiers or other electronic 
circuits contained in metal boxes, typically with dimen- 
sions of about 50 mm or larger. If these electronics are 
rigidly bolted onto some electronics-carrying carriage 
5 that is attached to patient couch 1 04 or is otherwise in- 
troduced into the imaging volume during imaging, then 
vibrations of the electronics may vibrate the cradle or 
couch. Since the cradle may have relatively large sur- 
face area, its vibration may efficiently produce acoustic 
10 sound. Therefore it is desirable to vibrationally isolate 
the electronics and to prevent any sound from the elec- 
tronics from reaching the patient or system operator. 
[0042] In a further embodiment, it is desirable to iso- 
late the electronic modules in unit 300 by placing them 
15 on vibration absorbing or isolating material such as rub- 
ber pads inside unit 300, so that the rubber tends to pre- 
vent vibrations of the electronics from reaching the car- 
riage. Additionally, sound-absorbing material, such as 
closed-cell acoustic foam or fiberglass batting, may be 
20 wrapped around the control unit 300. 

[0043] For completeness, various aspects of the in- 
vention are set out in the following numbered clauses: 

1. An imaging apparatus for producing Magnetic 
25 Resonance (MR) images of a subject (200) con- 
tained within a patient bore tube defining an imaging 
volume (101) and for substantially minimizing 
acoustic noise generated during imaging, said ap- 
paratus comprising: 

30 

a magnet assembly (4,6,7) for producing a stat- 
ic magnetic field; 

a gradient coil assembly (3) disposed within 
said magnet assembly for generating a mag- 
35 netic field gradient for use in producing MR im- 

ages; and, 

a radiofrequency (rf) coil assembly (2) con- 
tained between said gradient coil assembly and 
said patient bore tube for transmitting a radiof- 
40 requency pulse and for receiving an MR signal 

induced from said subject; 

wherein at least one of said magnet assembly, 
said gradient coil assembly and said rf coil assem- 
45 bly is selectively configured to reduce generation 
and transmission of acoustic noise. 

2. The imaging apparatus of clause 1 wherein said 
magnet coil assembly (4,6,7), said gradient coil as- 

50 sembly and said rf coil assembly are each generally 
annularly, cylindrically shaped. 

3. The imaging apparatus of clause 1 wherein said 
gradient coil assembly (3) is disposed within a vac- 

55 uum enclosure (11) within said magnet assembly, 
said vacuum being between about .1 and about 200 
Torr. 
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4. The imaging apparatus of clause 1 further com- 
prising at least one isolation mounting device (10) 
for mounting said gradient coil assembly (3) within 
said magnet assembly (4,6,7) and for reducing 
acoustic noise due to vibration transmission. 5 

5. The imaging apparatus of clause 1 further com- 
prising subject support structures 
(102,104,105,106) for guiding and supporting said 
subject (200) within said imaging volume, wherein 10 
at least one of an inner surface of said patient bore 
tube (1 ) and said subject support structures is con- 
structed to include a layer of a acoustic absorptive 
material. 

15 

6. The imaging apparatus of clause 1 wherein an 
inner surface (4) of said magnet assembly compris- 
es a non-conducting material. 

7. The imaging apparatus of clause 1 wherein an 20 
outer surface (7) of said magnet assembly compris- 
es a non-conducting material. 

8. The imaging apparatus of clause 1 wherein an 
outer surface (7) of said magnet assembly compris- 25 
es a non-conducting material having a thin metallic 
layer to prevent penetration of air and water vapor 
from the atmosphere. 

9. The imaging apparatus of clause 1 wherein said 30 
rf coil assembly (2) comprises: 

a plurality of conductors (402,502) for transmit- 
ting a radiofrequency pulse, for receiving an 
MR signal induced in said subject (200), said 35 
conductors having respective widths selected 
for reducing eddy current excitation contribut- 
ing to acoustic noise. 

1 0. The imaging apparatus of clause 9 wherein said 40 
conductors (502) comprise Cu tubing having an out- 
side diameter of approximately 3mm to 12mm. 

1 1 . The imaging apparatus of clause 9 wherein said 
conductors (402) comprise Cu strips and said re- 45 
spective width is less than approximately 50 mm. 

12. The imaging apparatus of clause 1 wherein said 
rf coil assembly (2) comprises: 

50 

a plurality of conductors (502) for transmitting 
a radiofrequency pulse and for receiving an MR 
signal induced in said subject, said conductors 
having respective widths selected for reducing 
eddy current excitation contributing to acoustic 55 
noise in and about said imaging apparatus; 
and, 

a layer of vibration isolation material (504) dis- 



posed between said plurality of conductors 
(502) and said patient bore tube (1). 

13. The imaging apparatus of clause 12 wherein 
said conductors (502) comprise tubing having an 
outside diameter of approximately 3mm to 12mm. 

14. The imaging apparatus of clause 13 further 
comprising a plurality of straps (505) to hold said 
conductors and said layer of vibration isolation ma- 
terial (504) fixably on said patient bore tube (1). 

1 5. The imaging apparatus of clause 1 wherein said 
magnet assembly further comprises passive mag- 
net shims (5) fixed on an inner surface (4) of said 
magnet assembly for adjusting said static magnetic 
field and said passive shims comprise a non-con- 
ducting material. 

1 6. The imaging apparatus of clause 1 wherein said 
magnet assembly further comprises passive shim 
magnets (6) fixed on an inner surface (4) of said 
magnet assembly for adjusting said static magnetic 
field, said passive shims being constructed of re- 
spective layers of a non-conducting material and 
cushioning material. 

1 7. The imaging apparatus of clause 1 wherein said 
patient bore tube (1) is constructed of a non-con- 
ducting material. 

18. The imaging apparatus of clause 1 wherein an 
inner surface (4) of said patient bore tube comprises 
a layer of acoustic absorptive material. 

1 9. The imaging apparatus of clause 1 further com- 
prising a pair of end caps (12) for mounting respec- 
tive ends of said patient bore tube (1 ) to respective 
ends of said magnet assembly (4,6,7). 

20. The imaging apparatus of clause 19 further 
comprising end caps seals (20) disposed between 
said end caps (12) to said respective ends of said 
patient bore tube (1) and said magnet assembly 
(4,6,7). 

21 . The imaging apparatus of clause 1 9 wherein a 
sealed gap is disposed between said end caps (12) 
and said respective ends of said patient bore tube 
(1) and said magnet assembly (4,6,7). 

22. The imaging apparatus of clause 1 wherein said 
rf coil assembly (2) is mounted so that it has a 
spaced apart relationship with said patient bore 
tube (1). 

23. The imaging apparatus of clause 1 wherein said 
gradient coil assembly (3) further comprises a vi- 
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bration isolating feed-through assembly (600) for 
gradient leads from an external power supply. 

24. The imaging apparatus of clause 1 wherein said 
magnet assembly further comprises constrained- 5 
layer damping material (1 6) disposed about at least 
one of an inner (4) or an outer surface (7) of said 
magnet assembly. 

25. The imaging apparatus of clause 1 further com- 10 
prising constrained-layer damping material (100) 
disposed about at least one of an outer surface or 
inner surface of said patient bore tube (1 ). 

26. The imaging apparatus of clause 5 further com- 15 
prising an electronics unit (300) for interfacing be- 
tween said rf coil assembly (2) and external system 
electronics, said electronics unit being constructed 

to reduce acoustic noise. 

20 

27. The imaging apparatus of clause 1 wherein an 
inner surface (4) of said magnet assembly compris- 
es a non-conducting material having a thin metallic 
layer to prevent penetration of air and water vapor 
from the atmosphere. 25 

28. An imaging apparatus for producing Magnetic 
Resonance (MR) images of a subject (200) con- 
tained in a patient bore tube (1 ) defining an imaging 
volume (101) and for substantially minimizing 30 
acoustic noise generated during imaging, said im- 
aging apparatus comprising: 

a magnet assembly (4,6,7) for producing a stat- 
ic magnetic field having an inner surface (4) of 35 
non-conducting material (7) and an outer sur- 
face of acoustic absorptive material (17); 
a gradient coil assembly (3) disposed within a 
vacuum enclosure (11) within said magnet as- 
sembly for generating a magnetic field gradient 40 
for use in producing MR images, said gradient 
coil being mounted within said magnet assem- 
bly with at least one isolation mounting device 
(10) to reduce vibration transmission between 
said gradient coil assembly and said magnet 45 
assembly; 

an rf coil assembly (2) disposed about an outer 
surface of said patient bore tube (1) and con- 
tained within said gradient coil assembly (3) for 
transmitting a radiofrequency pulse and for re- 50 
ceiving an MR signal induced from said subject 
(200), respective ends of said rf coil assembly 
being mounted to respective ends of said mag- 
net assembly to reduce generation and trans- 
mission of acoustic noise between said rf coil 55 
assembly and said magnet assembly; and, 
support structures (102,104,105,106) for guid- 
ing and supporting said subject (200) into said 



imaging volume (101), said support structures 
being configured to reduce generation and 
transmission of acoustic noise. 

29. The imaging apparatus of clause 28 wherein 
said magnet assembly, said gradient coil assembly 
and said rf coil assembly form a generally annular 
and cylindrical structure. 

30. The imaging apparatus of clause 28 wherein 
said wherein at least one of an inner surface of said 
patient bore tube (1 ) and said subject support struc- 
tures is constructed to include a layer of an acoustic 
absorptive material. 

31. The imaging apparatus of clause 28 wherein 
said magnet (5) assembly further comprises pas- 
sive shim magnets fixed on an inner surface (4) of 
said magnet assembly adapted for adjusting said 
static magnetic field and said passive shims are 
constructive of a non-conducting material. 

32. The imaging apparatus of clause 28 wherein 
said magnet assembly further comprises passive 
shim magnets (5) fixed on an inner surface (4) of 
said magnet assembly for adjusting said static mag- 
netic field, said passive shims being constructive of 
respective layers of a non-conducting material and 
cushioning material. 

33. The imaging apparatus of clause 28 further 
comprising constrained-layer damping material 
(1 00) disposed about at least one of an outer or an 
inner surface of said patient bore tube (1) and at 
least one of an outer (7) or an inner surface (4) of 
said magnet assembly to damp vibrations. 

34. The imaging apparatus of clause 28 wherein 
said gradient coil assembly (3) further comprises a 
vibration isolating feed-through assembly (600) for 
gradient leads from an external power supply. 

35. A magnet assembly for an imaging apparatus 
for a Magnetic Resonance Imaging (MRI) system, 
wherein said system is provided with agenerally an- 
nular and cylindrical main magnet for generating a 
static magnetic field, a gradient coil assembly (3) 
located within an inner surface (4) of said magnet 
for generating magnetic field gradient for use in pro- 
ducing MR images, and a rf coil assembly (2) dis- 
posed within said gradient coil assembly for trans- 
mitting a radiofrequency pulse and for receiving an 
MR signal induced from a subject (200) to be im- 
aged in said imaging apparatus, said magnet as- 
sembly comprising: 

an outer surface (7); and, 

a plurality suspension members (1 3) for attach- 
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ing said magnet to said outer surface, said sus- 
pension members being configured to reduce 
generation and transmission of acoustic noise. 

36. The magnet assembly of clause 35 further 5 
wherein said suspension members (13) each com- 
prise a blocking mass (15) attached to a suspension 
strap (14) for isolating vibration of the magnet as- 
sembly. 

10 

37. The magnet assembly of clause 35 wherein said 
outer surface (7) comprises a non-conducting ma- 
terial. 

38. A rf coil assembly for an imaging apparatus for 15 
a Magnetic Resonance Imaging (MRI) system, 
wherein said system is provided with a generally an- 
nular and cylindrical main magnet for generating a 
static magnetic field, a gradient coil assembly (3) 
located within an inner surface (4) of said magnet 20 
for generating magnetic field gradient for use in pro- 
ducing MR images, and said rf coil assembly is dis- 
posed within said gradient coil assembly for trans- 
mitting a radiofrequency pulse and for receiving an 
MR signal induced from a subject to be imaged in 25 
an imaging volume (101) of said imaging apparatus, 
said rf coil assembly comprising: 

a plurality of conductors (502) having a width 
selected for transmitting a radiofrequency 30 
pulse, for receiving an MR signal induced in 
said subject and for reducing eddy current ex- 
citation contributing to acoustic noise in and 
about said imaging apparatus; and, 
a layer of vibration isolation material (504) dis- 35 
posed between said plurality of conductors and 
a patient bore tube, said patient bore tube (1) 
being for receiving said subject into said imag- 
ing volume (101). 

40 

39. The rf coil assembly of clause 38 wherein said 
plurality of conductors (54) are constructed of Cu 
tubing having an outside diameter of approximately 
3mm to 12mm. 

45 

40. The rf coil assembly of clause 38 wherein said 
conductors (502) are constructed of Cu strips and 
said width is less than approximately 5mm. 

41 . The rf coil assembly of clause 38 further com- 50 
prising a plurality of straps (505) to hold said con- 
ductors (502) and said layer of vibration isolation 
material (504) fixably on said patient bore tube (1). 

42. The imaging apparatus of clause 1 wherein said 55 
magnet assembly is an open magnet. 



Claims 

1. An imaging apparatus for producing Magnetic Res- 
onance (MR) images of a subject (200) contained 
within a patient bore tube defining an imaging vol- 
ume (1 01 ) and for substantially minimizing acoustic 
noise generated during imaging, said apparatus 
comprising: 

a magnet assembly (4,6,7) for producing a stat- 
ic magnetic field; 

a gradient coil assembly (3) disposed within 
said magnet assembly for generating a mag- 
netic field gradient for use in producing MR im- 
ages; and, 

a radiofrequency (rf) coil assembly (2) con- 
tained between said gradient coil assembly and 
said patient bore tube for transmitting a radiof- 
requency pulse and for receiving an MR signal 
induced from said subject; 

wherein at least one of said magnet assembly, 
said gradient coil assembly and said rf coil assem- 
bly is selectively configured to reduce generation 
and transmission of acoustic noise. 

2. The imaging apparatus of claim 1 further compris- 
ing at least one isolation mounting device (10) for 
mounting said gradient coil assembly (3) within said 
magnet assembly (4,6,7) and for reducing acoustic 
noise due to vibration transmission. 

3. The imaging apparatus of claim 1 further compris- 
ing subject support structures (102,104,105,106) 
for guiding and supporting said subject (200) within 
said imaging volume, wherein at least one of an in- 
ner surface of said patient bore tube (1) and said 
subject support structures is constructed to include 
a layer of a acoustic absorptive material. 

4. The imaging apparatus of claim 1 wherein said rf 
coil assembly (2) comprises: 

a plurality of conductors (402,502) for transmit- 
ting a radiofrequency pulse, for receiving an 
MR signal induced in said subject (200), said 
conductors having respective widths selected 
for reducing eddy current excitation contribut- 
ing to acoustic noise. 

5. An imaging apparatus for producing Magnetic Res- 
onance (MR) images of a subject (200) contained 
in a patient bore tube (1) defining an imaging vol- 
ume (1 01 ) and for substantially minimizing acoustic 
noise generated during imaging, said imaging ap- 
paratus comprising: 

a magnet assembly (4,6,7) for producing a stat- 
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ic magnetic field having an inner surface (4) of 
non-conducting material (7) and an outer sur- 
face of acoustic absorptive material (17); 
a gradient coil assembly (3) disposed within a 
vacuum enclosure (11) within said magnet as- 5 
sembly for generating a magnetic field gradient 
for use in producing MR images, said gradient 
coil being mounted within said magnet assem- 
bly with at least one isolation mounting device 
(10) to reduce vibration transmission between 10 
said gradient coil assembly and said magnet 
assembly; 

an rf coil assembly (2) disposed about an outer 
surface of said patient bore tube (1) and con- 
tained within said gradient coil assembly (3) for 15 
transmitting a radiofrequency pulse and for re- 
ceiving an MR signal induced from said subject 
(200), respective ends of said rf coil assembly 
being mounted to respective ends of said mag- 
net assembly to reduce generation and trans- 20 
mission of acoustic noise between said rf coil 
assembly and said magnet assembly; and, 
support structures (102,104,105,106) for guid- 
ing and supporting said subject (200) into said 
imaging volume (1 01 ), said support structures 25 
being configured to reduce generation and 
transmission of acoustic noise. 

6. The imaging apparatus of claim 5 wherein said 
wherein at least one of an inner surface of said pa- 30 
tient bore tube (1) and said subject support struc- 
tures is constructed to include a layer of an acoustic 
absorptive material. 

7. The imaging apparatus of claim 5 wherein said 35 
magnet assembly further comprises passive shim 
magnets (5) fixed on an inner surface (4) of said 
magnet assembly for adjusting said static magnetic 
field, said passive shims being constructive of re- 
spective layers of a non-conducting material and 40 
cushioning material. 



ing said magnet to said outer surface, said sus- 
pension members being configured to reduce 
generation and transmission of acoustic noise. 

The magnet assembly of claim 8 further wherein 
said suspension members (13) each comprise a 
blocking mass (15) attached to a suspension strap 
(14) for isolating vibration of the magnet assembly. 

A rf coil assembly for an imaging apparatus for a 
Magnetic Resonance Imaging (MRI) system, 
wherein said system is provided with agenerally an- 
nular and cylindrical main magnet for generating a 
static magnetic field, a gradient coil assembly (3) 
located within an inner surface (4) of said magnet 
for generating magnetic field gradient for use in pro- 
ducing M R images, and said rf coil assembly is dis- 
posed within said gradient coil assembly for trans- 
mitting a radiofrequency pulse and for receiving an 
MR signal induced from a subject to be imaged in 
an imaging volume (101) of said imaging apparatus, 
said rf coil assembly comprising: 

a plurality of conductors (502) having a width 
selected for transmitting a radiofrequency 
pulse, for receiving an MR signal induced in 
said subject and for reducing eddy current ex- 
citation contributing to acoustic noise in and 
about said imaging apparatus; and, 
a layer of vibration isolation material (504) dis- 
posed between said plurality of conductors and 
a patient bore tube, said patient bore tube (1) 
being for receiving said subject into said imag- 
ing volume (101 ). 



8. A magnet assembly for an imaging apparatus for a 
Magnetic Resonance Imaging (MRI) system, 
wherein said system is provided with agenerally an- 45 
nular and cylindrical main magnet for generating a 
static magnetic field, a gradient coil assembly (3) 
located within an inner surface (4) of said magnet 
for generating magnetic field gradient for use in pro- 
ducing MR images, and a rf coil assembly (2) dis- 50 
posed within said gradient coil assembly for trans- 
mitting a radiofrequency pulse and for receiving an 
MR signal induced from a subject (200) to be im- 
aged in said imaging apparatus, said magnet as- 
sembly comprising: 55 

an outer surface (7); and, 

a plurality suspension members (13) for attach- 
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